We report the results in 33 patients who had nerve grafting of the axillary or the suprascapular nerve or of both. There were 32 men and one woman; their mean age was 21 years and the average interval between injury and operation was three months.
Combined injuries of the axillary and suprascapular nerves cause paralysis of the deltoid and the spinati muscles; elevation and external rotation of the shoulder are impossible. There are few reports of the results of nerve grafting and repair in such injuries. 1, 2 Since 1984 we have performed early exploratory surgery and nerve repair for these combined injuries. We now report our results.
PATIENTS AND METHODS
From 1984 to 1995 we operated on 47 patients with combined injuries of the axillary and suprascapular nerves. Thirty-three of these had nerve grafting of the axillary or suprascapular nerves or both and had been followed for over one year. Their average age at operation was 21 years (13 to 38). There were 32 men and one woman, with rightsided damage in 13 and left-sided in 20. The most common cause of injury was motorcycle accidents (30), but there was also one bicycle accident, one ski-ing injury and one car accident. The average interval between the injury and surgery was 89 days (30 to 199). Nineteen patients had fractures and/or dislocations of the thoraco-scapulohumeral region. The average follow-up was 27 months (13 to 76). Operative technique. The patient is placed in the lateral position. A sabre-cut incision starts anteriorly near the axillary fold, runs over the clavicle, and down to the posterior axilla. The anterior part of the axillary nerve from its origin from the posterior cord to the quadrilateral space is explored through a deltopectoral approach with osteotomy of the tip of the coracoid process. The remaining part of the axillary nerve is explored later through the posterior part of the incision. The suprascapular nerve is exposed from above by detaching the trapezius from the scapular spine, acromion and clavicle, and the posterior deltoid from the scapular spine. The suprascapular nerve is then found behind the omohyoid and explored from its origin at the upper trunk of the brachial plexus to the motor branch of the infraspinatus. Details of the operation are given in our companion paper (p. 532). When the nerves require grafting, the sural nerve is harvested from the ipsilateral leg. After operation, the arm is fixed to the trunk with elastic bandages for three weeks with the elbow flexed to 90°. A sling is used for another two to three weeks, and after this active and passive exercises of the shoulder are begun.
In 22 of the 33 patients, both the axillary and suprascapular nerves were ruptured and repaired by nerve grafting. Eight patients had rupture of the axillary nerve treated by nerve grafting with lesions in continuity of the suprascapular nerve; two of these nerves were treated by neurolysis and six were not explored because a reinnervation potential had appeared in the infraspinatus by the time of operation. The other three patients had rupture of the suprascapular nerve repaired by nerve grafting; the axillary nerves showed lesions in continuity.
In total, the axillary nerve was grafted in 30 patients and the suprascapular nerve in 25. The mean length of graft for the axillary nerve was 70 mm (30 to 130), using from one to four sections of sural nerve. The mean length of nerve graft for the suprascapular nerve was 90 mm (30 to 160), using one to three grafts.
There were five patterns of graft for injuries to the suprascapular nerve (Fig. 1) . Group A. Nerve grafting within the main trunk of the suprascapular nerve. Group B. From the main trunk to the motor branch of both spinati muscles. Group C. From the main trunk to the motor branch of the infraspinatus only. The branch to supraspinatus could not be repaired.
Group D.
From the main trunk to the motor branch of the infraspinatus with direct neurotisation to the supraspinatus. Group E. From the nerve at the spinoglenoid notch to the motor branch of the infraspinatus.
Of the 25 suprascapular nerve grafts, eight were in group A, two in group B, nine in group C, two in group D, and one in group E. Operation records were not clear for three cases. Assessment. We assessed muscle power of the deltoid and the infraspinatus using manual testing based on the Medical Research Council grading for motor power. Maximum elevation and external rotation of the shoulder were measured, using the highest angle of elevation in the range of abduction and flexion. We measured external rotation from the horizontal plane at 90° elevation of the shoulder. Postoperative shoulder function was evaluated as excellent when the hand could reach the top of the head without bending the neck; good when the hand could reach the mouth; fair when the shoulder was stable and the patient could hold things beneath the axilla; and poor when the shoulder was unstable. 
RESULTS
Rupture of both nerves. Of the 22 patients in whom both the axillary and suprascapular nerves had been ruptured, 21 had rupture of the axillary nerve between its origin from the posterior cord and its entrance to the quadrilateral space. In the remaining patient the damage extended to the motor branch of the deltoid posterior to the quadrilateral space. The suprascapular nerve was ruptured at one place in 11 patients; at the scapular notch in eight, proximal to the scapular notch in two and at the spinoglenoid notch in one. In seven patients it was ruptured at two places; the scapular notch and the spinoglenoid notch in three, proximal to the scapular notch and the scapular notch in two and at the scapular notch and distal to the spinoglenoid notch in another two. In four patients the exact sites were uncertain from the operative records.
The deltoid recovered to MRC power M3 or better in 16 (73%) and the infraspinatus recovered to M3 or better in 15 (68%). Sixteen patients had shoulder elevation of 120° or better (73%) and external rotation of 30° or better was regained in 16 (73%). Shoulder function was assessed as excellent in 15 patients (68%) ( Table I) . Rupture of the axillary nerve, lesion in continuity of the suprascapular nerve. Eight patients had axillary nerve repair by nerve grafting with a lesion in continuity of the suprascapular nerve revealed by exploration or preoperative EMG. The axillary nerve was ruptured between its origin from the posterior cord and the entrance to the quadrilateral space in all patients. Deltoid recovered to M3 or better in seven and all eight had infraspinatus recovery to M3 or better. Elevation was 150° or more and external rotation was 60° or more. Shoulder function was excellent when the power of the infraspinatus was M3 or better even when deltoid power was M2 (Table I) . Rupture of the suprascapular nerve, lesion in continuity of the axillary nerve. In three patients, the suprascapular nerve was ruptured and repaired by nerve grafting with an axillary nerve lesion in continuity. It was ruptured at the scapular notch in two patients and at both the scapular notch and the spinoglenoid notch in the third. Both deltoid and infraspinatus recovered to M4 or better in all three. Elevation was 150° or more in all three, with external rotation 60° or more in two and 30° or more in one. All three had excellent shoulder function (Table I) . Recovery after nerve grafting. The deltoid recovered to M3 or better in 23 of 30 patients and the infraspinatus to M3 or better in 18 of 25 patients (Table II) . The infraspinatus recovered only to M1 in two patients; one of them had a graft of the main trunk, but the entire length of the nerve was not explored. 529 
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VOL. 79-B, NO. 4, JULY 1997 The deltoid and the infraspinatus recovered to M4 or M5 in all patients when a lesion in continuity had been revealed by exploration. The infraspinatus recovered to M4 or better in four patients, and M3 in two of six patients who did not have surgical exploration of the suprascapular nerve because a reinnervation potential had been confirmed by EMG before the operation. Shoulder function. Shoulder function was excellent in 26 patients, good in 4, fair in 3 and poor in none (Table I ). In the 26 patients with excellent shoulder function both the deltoid and the infraspinatus had recovered to M3 or better in 24, the deltoid had recovered to M1 and the infraspinatus to M4 in one, and the deltoid to M2 and the infraspinatus to M5 in one. In patients with infraspinatus recovery to only M2 or less, shoulder function was good or fair. Delay before operation. When nerve grafting was performed within three months of injury, 12 of 14 deltoids (86%) and 12 of 14 infraspinati (86%) recovered to M3 or better. After surgery within four months, 19 of 24 deltoids (79%) and 17 of 21 (81%) infraspinati recovered to M3 or better (Table III) .
In the 22 patients who had grafting for both nerves, the results were most satisfactory when nerve grafting was performed within four months after the injury (Table IV) . Grafting of the suprascapular nerve. We related the results of grafting of the suprascapular nerve to the grafting patterns (Table V) . In group C, in which supraspinatus was not restored, shoulder function was excellent in patients whose infraspinatus recovered to M3 or better if the deltoid recovered to M3 or better.
DISCUSSION
Some authors have recommended early surgical exploration of infraclavicular lesions including the axillary nerve and other terminal branches.
1-6 Alnot 3 recommended surgery at four to six months after injury and Coene and Narakas 6 chose six months or less as the optimum time for the operation. In our series, the operation was within seven months of the injury in all cases; shoulder function was Table V . Results of nerve grafting to the suprascapular nerve related to the pattern of grafting (see Fig. 1 
